Hypoxic mixtures of oxygen and nitrous oxide were demonstrated with three anaesthesia machines which had cyclopropane flowmeters. In one machine the bobbin did not prevent back flow and the hypoxic mixture occurred when the cyclopropane flow control was left open. Two other machines only delivered hypoxic mixtures if the cyclopropane bobbins were removed from their seats and the flow controls opened. The vaporizer on one machine increased the hypoxia when turned on.
INTRODUCTION
Previous reports of hypoxia due to cyclopropane or carbon dioxide flowmeter tubes have been associated with flowmeter faults. Although the most widely known cause for hypoxia of this type is a cracked flowmeter tube (Eger et al. 1963, Bishop, Lenick and Hodgson 1967) , other faults have caused a selective leak of oxygen from the common gas manifold (Katz 1968 ).
During routine anaesthetics, it was noticed on two occasions that healthy patients became slightly cyanosed. Careful examination of the anaesthetic machine (Drager "Tiberius") failed to reveal any fault. However, it was found that the flow control for the cyclopropane was open. This control is not on the flowmeter bank but adjacent to the cylinder yoke. There was no cylinder or plug block engaged in the yoke. A slight flow of gas was palpable at the yoke nipple. It was then decided to measure the oxygen concentration in the patient circle under various conditions. Two 'Boyles' anaesthetic machines (CIG Medishield) were also tested under similar conditions. One machine had three 9 inch Rotameters and a Fluotec Mk Ill. The other had four 6 inch Rotameters (02, CO 2 , C 3 H 6 , N 2 0) and a Fluotec Mk 11.
METHOD
Nitrous oxide and oxygen from medical gas cylinders were used to calibrate a Beckman paramagnetic analyzer. Nitrous oxide was used to set zero and oxygen was used to set the span at 99.5% oxygen. For the back pressure test on the Drager machine, pressure was generated by occluding the patient outlet with a reservoir bag. The pressure was measured by an anaeroid gauge. The Boyle's machines were examined for the influence of gas flows, cyclopropane flow control position, and vaporizers on the percentage oxygen delivered.
RESULTS
The results on the Drager machine of flows from 0.5 to 3 L/min oxygen and 1 to 6 L/min nitrous oxide with and without the cyclopropane flow control open are shown in Table 1 . The effect of 40 mm Hg back pressure is shown in Table 2 . The results of two CIG-Medishield Boyle's machines with flows from 1 to 3 L/min oxygen and 2 to 6 L/min nitrous oxide are shown in Tables 3 and 4 . Both Boyle's machines had the cyclopropane bobbin removed and replaced and the Fluotec vaporizers on and off. With bOl'h the Mk 11 dnd Mk III Fluotec there was little effect on the % oxygen delivered from the % vapor dialed (Table 5) .
However, a sharp drop in % oxygen occurred when the Mk In Fluotec was turned on ( Table 6 ). The number of turns opening the cyclopropane flow control had a significant effect on the % oxygen delivered (Table 7) . Generally the control was opened six turns. 7 Percentage oxygen with bobbin removed as flow control is opened from 0 to 10 turns. 6" Rotameter bank flows 1 :3, 9" Rotameter bank flow 2:5 Fluotec vaporizer OFF.
Turns 0 1 2 6" 24.1 21.5 13.5 9"
28.0 DISCUSSION 3 4 6 10 6.2 1.2 0.3 0.2 17.6 9.5 8.0
The Drager "Tiberius" anaesthetic machine is capable of delivering a hypoxic mixture if the machine is fitted for cyclopropane and the flow control valve is left open. The percentage oxygen in the delivered mixture is reduced if back pressure is applied to the circuit. This design weakness is only dangerous if the machine is not thoroughly checked and the cyclopropane flow control is open. The backflow under these conditions is about half of the indicated oxygen. This problem would not arise if the cyclopropane line had a pressure regulator or a check valve. Even with a valve or regulator, backflow would not occur if the flowmeter bobbin was allowed to seat in the base of the flow tube. However, the lower pole of the bobbin has a set of four small radial spokes and there is a spiral wire support in the base of the flow tube both of which prevent seating.
The Boyle's machines do not deliver hypoxia mixtures with the cyclopropane flow control open unless the bobbin is removed from the flowmeter. This is because the bobbin acts as a non return valve in the tube. Presumably, a bobbin stuck at the top of the tube would allow backflow of oxygen and hypoxia could occur. Mis-assembly with the bobbin upside down stilI produced a good occlusion against backfIow. With the bobbins removed, both Boyle's machines delivered severely hypoxic mixtures when the cyclopropane flow control was opened. This was seen with all commonly used gas mixtures and flows. Hypoxia was increased when the Fluotec Mk III was turned on, presumably because of the greater flow resistance. Once the Fluotec was turned on, the % setting had no effect. The Fluotec Mk II did not alter the backflow when turned on. As the cyclopropane flow control was progressively opened, the percentage oxygen delivered fell. The major effect occurred in the first six turns of the control.
This hazard requires two separate errors to Anaesthesia and Intensive Care, Vol. VI, No. 4, November, 1978 occur with the common Boyle's machine. A cyclopropane bobbin must be omitted or stuck and the flow control must be opened. The same effect could occur with a carbon dioxide flowmeter if it was in the common position between the oxygen and nitrous oxide flowmeters, and if the same conditions were present. It is common to have ~ cyclopropa~e circuit without a pressure reducmg valve. It IS rare to omit the pressure reducing valve in the carbon dioxide circuit. Generally today new anaesthetic machines are supplied with pressure reducing valves on all circuits which effectively prevents back leak when no cylinder is connected.
A leak anywhere from the common g~s manifold or in the flowmeters and theIr connections allows the possibility of selective leakage of the first gas entering the common gas manifold. Hypoxia is the major hazard of leaking and it can be prevented by ensuring that oxygen is the last gas to enter the common gas manifold. This can be achieved by a baffle (Ward 1968 ), ducting to the end inside the manifold (Schreiber 1972) or making the oxygen flowmeter the last in the bank (Bishop, Levick and Hodgson 1967) .
We have been advised by Drager that the current "Tiberius 19" machine has a non-return valve in the line and so back-leak cannot occurr.
